The diagnosis of insulinoma is based on universally defined clinical and laboratory parameters (Whipple triad and fasting test). Pre-operative tumor localization is the main challenge in the diagnostic management of insulinomas. The pre-operative and/or intra-operative localization of the tumor is required for the optimal surgical approach. We describe two cases of insulinoma characterized by a typical clinical presentation, a positive diagnosis on fasting test, and computerized tomography failure in localizing the tumor. In the first patient, angiography with hepatic venous sampling after calcium stimulation correctly localized pre-operatively the region of the pancreas where the tumor was and, following intra-operative investigations, the lesion was successfully enucleated. In the second patient, angiography with hepatic venous sampling after calcium stimulation failed to identify the region of the insulinoma, which was detected by intra-operative ultrasound and successfully enucleated. Invasive pre-operative procedures for tumor regionalization and/or localization (angiography with hepatic venous sampling after calcium stimulation, endoscopic ultrasound) should be performed in cases where the tumor cannot be localized with enough certainty by non-invasive imaging. However, a careful intra-operative study should be performed in all patients undergoing surgery to complete the information obtained pre-operatively and to exclude the presence of other smaller lesions.
INTRODUCTION
Insulinoma represents the most common functioning endocrine tumor of the pancreas with an estimated incidence of 1-3 per million per year. laparotomy. Exploration of the pancreas and intraoperative ultrasound confirmed the presence of a single 1.2 cm tumor localized in the pancreatic head adjacent to the portal vein and did not reveal any further areas of tumor involvement. The tumor was successfully enucleated with an unremarkable postoperative course. Post-operative fasting glucose was 5.4 mmol/L (day 1). Conventional histological examination showed a well circumscribed lesion composed of neuroendocrine cells with minimal atypia and no mitotic activity or necrosis, corresponding to a well-differentiated endocrine tumor (WHO 1). Immunohistochemistry was positive for synaptophysin and weakly positive for chromogranin A, while insulin immunostaining was negative.
Case 2
A 54-year-old woman presented with a 6-month history of confusion, behavioral abnormalities, and involuntary movements associated with fasting (8 episodes/month on average). Her past medical history was unremarkable and she was not taking any medication. She had persistent morning capillary hypoglycemia (1.6 -2.9 mmol/L). Her routine biochemical profile was normal and the sulphonylurea screening was negative. Diagnosis of insulinoma was confirmed by a 72-hour fasting test (at hour 3, venous glucose 1.9 mmol/L, insulin 15.2 mU/L, and C-peptide 2.2 mcg/L -reference range: 0.2 -3.2). She started treatment with diazoxide, titrating the dose up to 200 mg three times a day due to recurrent hypoglycaemic and immunohistochemical features required for the diagnosis of insulinoma have been defined by the current World Health Organization classification of the neuroendocrine pancreatic tumors.
1,2 While the anatomical aspects and the functional behavior can cause pitfalls in the detection of some insulinomas, 3 pre-operative tumor characterization and localization is the main challenge in the diagnostic management of these lesions. A set of non-invasive and invasive preoperative imaging procedures can be used to localize the lesion 4 but sometimes the definitive anatomical identification is obtained only intra-operatively. Although angiography with hepatic venous sampling after calcium stimulation was previously considered the gold standard for the regionalization of insulinoma, today this is mostly reserved for problematic cases. 1 However, this test remains a very sensitive tool for the regionalization of insulinomas in centers with experienced personnel [5] [6] [7] and its effectiveness remains high even when low doses of calcium are injected in order to minimize the procedural risks. 8 We describe two illustrative cases of insulinoma in which the correct localization of the tumor required pre-operative and intra-operative procedures and was achieved by different modalities.
CASE REPORTS

Case 1
A 38-year-old woman presented with a 12-month history of disorientation on waking resolved by eating (1 episode/2 months on average), increased appetite, and weight gain (6 kg). Her past medical history was unremarkable and she was not taking any medication. She had persistent morning capillary hypoglycemia (1.6 -2.9 mmol/L). Her routine biochemical profile was normal and the sulphonylurea screening was negative. Diagnosis of insulinoma was confirmed by a 72-hour fasting test (at hour 13, venous glucose 1.7 mmol/L, insulin 7.4 mU/L, and C-peptide 3.0 mcg/L -reference range: 0.2 -3.2). She commenced diazoxide, titrating the dose up to 100 mg twice daily. Computerized tomography failed to identify and localize a lesion. Both angiography with hepatic venous sampling after calcium stimulation (Table  1a) and endoscopic ultrasound localized the tumor at the pancreatic head and the patient underwent episodes, but the tolerance to the diazoxide treatment was poor. A calcium channel blocker was added. The computerized tomography scan was inconclusive and angiography with hepatic venous sampling after calcium stimulation (Table 1b) failed to define the region of the lesion on two occasions. Endoscopic ultrasound was not done. The patient underwent laparotomy for surgical exploration. Pancreatic palpation was inconclusive but a nodule with typical features of islet cell tumor at the lower border of the body of the pancreas was identified by intra-operative ultrasound and successfully enucleated (size 1.5 x 1 x 0.5 cm). Post-operative fasting glucose was 5.7 mmol/L (day 1) and the patient remained stable after surgery.
Conventional histological examination showed a welldifferentiated neuroendocrine tumor with an insular growth pattern (WHO 1). Mitotic figures were not identified. At immunohistochemistry, the tumor was strongly positive for both synaptophysin and insulin.
DISCUSSION
These two clinical cases demonstrate different aspects of the typical clinical presentation and the localization issues associated with the diagnosis of insulinoma. Conventional, non-invasive radiological methods failed to localize the tumor in both patients and an invasive pre-operative study was necessary. The angiography with hepatic venous sampling after calcium stimulation successfully identified the region where the insulinoma was located in one of the patients by showing an increase in hepatic venous insulin concentration after the arterial calcium injection equal to or greater than 2-fold from baseline. 5 , 7 An integrated pre-operative and intra-operative diagnostic study for tumor localization was properly done and finally allowed the anatomical definition of the lesion in both cases, as required for the most appropriate, safe, and effective surgical approach. [9] [10] [11] The histological examination of the surgical specimens showed definite neuroendocrine features that were compatible with the diagnosis of insulinoma in both patients when combined with the clinical manifestations and the biochemical data. One of the two insulinomas was negative for insulin immunostaining, an occasional finding in these lesions, which may result from a rapid release of insulin by tumor insulin-secreting cells with a failure to store. Overall, the findings described in these two patients demonstrate that a set of complementary noninvasive and invasive imaging techniques (including intra-operative assessment) is helpful in the correct localization of insulinoma. The choice of the radiological procedures in the localization algorithm for an insulinoma patient should be optimized to allow the detection of the tumor in the least invasive and most sensitive manner. This can assist the surgeon in the most effective and minimally invasive therapeutic approach in theatre. 12 In the modern era, the pre-and intra-operative diagnostic tools make the successful localization of insulinomas an achievable goal in centers with wide and longstanding experience. 13, 14 The application of new protocols and techniques is improving the sensitivity of magnetic resonance imaging for the identification of insulinomas. 15 Also contrast-enhanced ultrasound may work as an effective and non-invasive localization modality and presents the advantage of being inexpensive. 16 If a pre-operative invasive radiological investigation is needed, the choice of angiography with hepatic venous sampling after calcium stimulation versus endoscopic ultrasound is driven by the availability of the procedure and the experience of the investigators. No studies aiming to compare the sensitivity of these two techniques for insulinoma localization have been carried out. Both procedures can be considered as highly and comparably sensitive for this purpose. 5, 7, 17, 18 However, endoscopic ultrasound is progressively overtaking angiography with hepatic venous sampling after calcium stimulation as it can provide a more sensitive identification of the tumor localization and may help with the detection of multiple lesions or the definition of the most suitable, effective, and pancreatic parenchyma-preserving surgical approach, including minimally invasive surgery. 19 For instance, endoscopic ultrasound-guided tattooing of insulinoma has been suggested as a very helpful pre-operative technique which may facilitate the laparoscopic enucleation of the tumor. 20, 21 The two illustrative cases above described confirm that the diagnosis of insulinoma is based on the clinical presentation, using the Whipple triad and the prolonged fasting test. The optimal therapeutic approach to insulinoma requires pre-operative anatomical detection by conventional, non-invasive radiological methods and, in cases where the noninvasive radiological tools fail in localizing the tumor, invasive procedures such as angiography with hepatic venous sampling after calcium stimulation and/or endoscopic ultrasound should be used. Ultimately, intra-operative localization by pancreatic palpation and intra-operative ultrasound may be required. However, the intra-operative study should be carefully performed in all patients undergoing surgery to confirm the information obtained through preoperative characterization of the tumor and to exclude the presence of other smaller lesions. Angiography with hepatic venous sampling after calcium stimulation still represents a useful procedure for tumor localization in selected cases. However, it may fail due to technical or anatomical reasons and its value is limited only to the regionalization of the lesion. In our opinion, invasive pre-operative procedures for insulinoma localization (angiography with hepatic venous sampling after calcium stimulation and endoscopic ultrasound) provide complementary information and both investigations should be performed in cases where the tumor cannot be localized with enough certainty by a single test alone.
